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FORWARD

This report summarizer the status and progress of the re-entry
physlcs research activities at General Dynamics/Convair under Contract
DA-01-021-AM2-12050(2 ) duriag the period 1 July 1965 to 30 December 1965,

Although the major portion of this work was supported by ARFA
funding through the U. 8. Army Miseile Command, part of the work re-
lated to the construction of a gas handling system for breparing gas
mixtures containing ozone was supported by General Dynamics/Convair

research funding.
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ABSTRACT

A summary ic given 1a thie rerort ol the re-entry physics research
conducted at Geneval Dynamics/Convair for the six-month period ending
30 December 1965. Preparations for the study of the rate of the radistive
recombination of astomic oxygen and carbon monoxide and of the emission
intensity spectral distribution acceompanying the recombinativn to be
induced by shock heating gas mixtures containing 02, 03, co, 002 and
Ar are discussed. The toples of discussion include the construction
and operetion of optical end gas handling systems, the synthesis,
scability and decomposition rates of ozone in the gas handling system
and prelimipery experiments on the emission intensity of recombination.
From the latter experiments, conducted At temperatures and pressures near
3000°K and 1 atm, a relative intensity spectral distribution curve was
derived and found to be shifted tc shorter wavelengths with respect to
8 similer curve derived from fleme measurements at about 1500°K and
comparable pressures. Also, measurements of the irduction perioa preced.ng
formation of measurable quentities of 002 in shock heated gas mixtures
containing CO, U, and Ar wer: made at temperatures between 1&50° and
2260°K and pressures a5 low as 0.0l atm in a 24" internal diametar shock

tube.
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SHOCK TUBE STUDIES

1NTRODUCTION

B. F. Myers

The goal of the present studies on chemical kinetics and the related
radiation phenomena 1s to coutribute to the interpretation and quantative
descripticn of observations made during re-entry on the flow sround and
behind vehicles with ablating materials containing carbon.

During the present reporting period, preparutory work for the measure-
ment of the rate of *the radistive recombinaticn of atomie oxygen and carbon
monoxide and of the emission intensity spectral distribution accompanying
the recombine’ion way completed. The results of preliminaery meassurements
on the emission from the radlative recombination induced by chock heating
mixtures containing CO, 02 and Ar, indicated that the intensity levels
were adequate for recor@ing the emission over the wavelength interval
25004 to 8000A end at pressures and temperatures of the order of 1 atm
and 3000°K. In addition, measurements of the induction pericd oreceding
formation of messursble amouuts of CO2 in shock heeted gas mixtures con-
taining CO, 02 and Ar, were made at pressures &s iow as 0.0l atwm and
temperatures in the range 1450° to 2260°%% 14 u 24 internal dlemeter
shock tube.

In the forthcomling repozv pericd, it is anticipated that measurements
of the reaction rate and spectral distribution of emission characteristic
of the O and CO recombination will be made by shock heatipg mixtures con-

taaning CO, 02, C3, 002 and Ar of compositions for which an equilibrium




state will be closely appruximuted within about 20 ugee (lsboratory
time ) afier passage of the shuck front., Thue u pear equilibrium state
will be rapidly established before the effects of shoek weve attemusion
or boundary leyer growth beasome important. Tvestization of the chamical
kinetles governing carbon mopoxide oxliation at lew pressures will 8180

be econtinued.
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SEOCK TUBE S7UDY op THE RAPIATIVE FECOMBINATION GF o AND 0

B. P. Myers. E. R. Bartle and p, Re Erickson

Resesrch aetivities dire. =d toward the quantative study of the
radlative recombination of O ang 00O in a high “erperature system at
equilibrium behing Ineident shock waves generated in a 3" internal

diameter shocik tube Tacility are discussed in the following sections.

Opticel System

The construection of the optical system for measuremsnt of the
ebsolute emission intensity accompanying the recombination of 0 apg
w0 was completed. A schematic diagrem of the arrangement of the elemsnts
Of the system is shown in Flgure i. The entrepee slit, 8, of the f£/12
Hilger Modium Quartz Spectrograph can be imaged either on the inner
surface of the sheak tube vindow, S’, or on the surface of a tungsten
ribbon filement lamp, F, (Q.E. 304/T2k/7) which was calibrated by the
Eppley Laboratory, Inc. sgainst Netlonal Bureau or Standerds reference
standard lemps. With the swivel-mounted, spherical wirror, M3, in the
arresting position a, 5" 1g the image plape of the Spectrograph e.trance
8lit whereas with the mirror in the arresting position b, F ic the Inege
Plane. The optical paths corresponding to the two arresting positions
of the mirror, M3, contain identical €1g% surface mirrors, Ml and Ma,
and identical qQuartz windows to brovide the same tranmmission ang re-
flection losses for the redietion from edther the lamp or the shock heated
g88e6; furthermore, radistion from either Cf the latter sources transmitted
to the spectrograph fills the seme solid engle, Radiation accepted by +he

spectrogreph is dlispersed ang basses through a slit System placed at the

3
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image plane of the epectrograph.  For initial measuremente of the emizsiop
intensity of the radiative recombiuecion c? O and 0, the cexter vavelengths
of the six slits were approximately 3000.3;, 40003, hSOQﬁ., 5500.5\, 65004 and
80004 with bandpasses of 1964, 1954, 186k, 2774, 82k ana 3aud, respectively.
The wavelepgth calibration of the slits vas made hy exposing a photographic
plate, placed behind the slit system, to & source with & continuous spectrum;
the distance; of the ocundaries and ridpoints ¢f the exposed seetions from
8 reference mark were then used to obtain the corresponding wavelengths
within av error of less than 3A from & dispersion curve ccastructed with the
ald of “ron and copper spectra. In addit.on, provision wes made Tor
instslling a set of six sdditional £lits centered at 2&3003, 300&&, 35003.,
5000:‘1, 60%)011 and ’,’2503. £0 thav intensity measurements may be mede at a
total of eleven spectrsl intervals in two experiments each employing five
difterent spectral imtervals and O common spectral interval. Flat surface
mirrors were placed behind the glits in order to direct the incident
radiation onto the photocathode surfaces of six rhotomultiniters. The
Carlson Direct Analyzer attachment was nodified to accommodate these
vhotomuliiplders and the smitter followers for each. For detection of
Jacldent radistion 1m the spectral interval between 250&15. and 530&3, four
FCA type IP28, 9-stage photomultipliers with §-5 spectral response, two
of which have quartz windows, were employed and ip the spectral intervsal
petween 55004 and 8000k, two RGA typs 7265, 1k-stage photomuitipliers with
B-20 gpectral response were employed .

The response of the detector system to radistion from the tungstcn
ribbon filament lemp was vhecked for linearity. The results of this test
are gharn in Figure 2 where +he cutvut eignal of the detector system 1s

rlotted versus the radiance of the elapderd iomp. The straight iines




orders of Dagnivude, that a lipear relation vetween these quaagtities exlsts
for each of the six channels in whieh the bhctomultipliermdetectors are
besitioned to receive radiation over sgectral intervals ceatered approxima’ -1y
&t 30008, Loook, 4sgod, 55004, 65008 ana 80ook. 1n addition, an inttia)
intensity culibration in terms of the rad‘Ance of the standard lamp was

made for each of the 81X chapnels ueing the chopper to obteln an Ao signal,

385 Handling System

The coustruction of the gag herdling sysiem fer Preparing test <¢as
mixiures containing ozone was completed. 4 diagram of the system 15 shown
in Figure 3. fThe materials used for construction of that Dortion of the
system In contact with czone under nrrmal orerating conditions were limited
1o glass, stainless steel, {304 or .16), teflon ama E.80, , the mancmetric
fluld; thesge meterials do not readily react with 0zone or promote its
ecatalytic decomposition at anbient temperatures, Als0, before prope was
handisd in the system, all parts were thoroughly cleaneg with trichloroethylene,
methyl aleohol ang distilled water <n that sequerne to Temove the reauwaining
traces of nRachining o1l ana of other organic contaminents,

The system dncludes a 154 mixing tank foy Przparing mixtures containing
02, oe, 002 and Ar and = 104 mixing tank for Preparing mixtu: :s of 03
with gas mixtures from the 158 .dxing tank, I, order to promcte rapid

Preparation of homegereous gas mixXtures end +¢ winimize the effects of

Oppoeing paddles whieh can be driven magnetically by an externsl motor are

incorporated im both tamks. The partgel bressures of the gas nixture




constituents are measures during prepsration of the miztures with reservoir-
tiype, HES&Q marometers or a sbsou buffered-Hg mancmeter which have precisiop
bore, 1/L" I.D., glass columns connected to stainless steel reservoirs.
Between euch reeervoisr and the remainder of the gas handling system is
a2 "dry ice® trap inte which 1s inserted a continuous spirall composed
of a layer of 0.003" thiclk stainless steel corrugated to a depth of 0.039"
and & second layer of plane 0.003" thiok stainless steel in order to
Provide au effective trap for sulfurie eacid vapors.

Ozone iz synthesized in & static ozone generator2 which is surrounded
by ligaid nitrogen during ozonlzation. The starting material for the
“synthesis 1s el:ctro%ytic leboratory grade 02 (Liquid Carbonic) containing
less than 10 ppm of impurities dve to Hé, EéO and Né. The rate of
ozonization attaineqd under the present Operating nonditions is 1.5 gms
03/atm-hr, 7here the pressure is in referenmse to the oxygen pressure in
the ozonizer. With the static ozone generator, asomplete conversion of
the initisl charge of oxygen to 0zZone can be obtelned, 1f desired. How-
ever, under normal ‘perating conditions, stout 95% conversion of 02 £0 03
iz obtained apd the excess G2 13 then pumped orf. Excess ozene 15 femovag
from the gas handling system by bassage through a heat trép composed ;f a
2"%28" tuve filied with 0.0o5" spirally-wound copper held at 200°¢, this
trevtment promotes the catalytic decomposition of Ozone end thus retards
the acoumulation of Ozone in the cold trap which isolates the roughing
pump from the main system,

The ultimate mindinum Pressure attained snj the corresponding leak rate
Reasured 'n that part of the g8 handling syetem consisting of the 154

.

1. D. Alpert, Rev. Sci. Inat. 24, 1004 {1953).
2. B. F. Myers, E. R. Bartie and P. R, Erickson, unpublished results,




mixing tenk and either the EESGL or HQSQI{_ buffered-Hg manomater were
1.5-’410-1+ mn Hg and &t this Pressure, 2,0x10~" om Hg/min, re spectively,

85 measured with an ionization gauge attached directly to the mixing

tank; with only the 154 Lixing tank being evacuated, the pressyre attained
was X107 mg Hg with a corresponding leak rate of 2X10°7 mm Hg/min at g ™=
Pressure of 3)(].0-S mn Hg. With that part of the gas handling systen
consisting of the 104 ang 154 mixing tanks Plus the HES(.’),+ and Hgsou
buffered-Hg manometers, the minimum pressure attained wag l.’P(lO'l‘t mm Hg
and the leak rate was determined to be 2.2x107% mn Hg/min at 1.7X10'L* mm Hg.
Under normal operating conditions, tnese lesk rates result in an incresse
in the contamination level of test gas mixtures Prepared in the 154 and

104 mixing tanke by less than 1 apg 11 ppm, respectiveiy. 1In that part of
the system consisting of thr ozonizer and the "dry ice" trap which 1solates
the oxygen cylinier from the Osonizer, the ninimum pressure attained upon
evacuation was 3X10™° mm Hg and & lesl, rate of 1.33'11(3'1‘L mm Hg/min at

3>‘f10'5 mn Hg was subsequently Uesured. This leak rate results in ap
incresse of the contamination level of the OXygen charw. to the ozoméer

of less than 2 Pom urdey the nomél Operating Procedure.,

The Analvsis ang Stability of Ozone )

total gas preesure of a sample in o Dyrex flask whose volure was kuown
to within an error of 0.3%. The quantative enalysis of ozone by this

Preasure -volume measurement was compared with the anslysis made by a




standard” titration brocedure in which the Ozone is absorved ip a buffered

¥

P ST

"

K solvti-n ang subsequestly titrated with a stand~rdized Ha23203 solution,

2 ' To zollect the ozone with the buffered KT solution, the flask containing

the ozone sample was connected through a ground glass joint w0 a s2oond

~ad!
=

= flask containing the absorbing solution in an atmosphere of argon. After

h ’W " 'a

opening the stopcock of the first flaek, the assembly was shaken for
several minutes. In using the procedure » 1t was found <hat the pressure -
1 volume measurement ang the titration method egreed to within an error of
| +2%. A second procedure for collecting the Ozone by flushing the ozope
with argon through & gas weshing bot+le contalning the buffered KI solution
was found 10 result » With the present apparatus, in a recovery of less

= than the quantity of ozonpe e€xpected on the basig of pressure-volume

= measurements., A thirg analytical methogd for detefmining the quantity of
020 - In mixtures of ozope and argon was devised by adding s ga8 sanple
directly to the charcoal column of a Perkin Elmer Model 154D Vapor
Fractometer. fhe Ozone readily decomposed in the Presence of the column

material to form OXyg=n; from the chromatographic analysis of the quantity

of oxygen elute:i, the original ozone concentration of the gas mixture
sample was computed, The quantity of ozone determined cbromatographically
agreed with that quantity expected on the basis of pre ssure -volume meagure-
ments to within an error of £1.5%. Additional Preliminary sxperiments on'
the chromatographic analyeis of mixtures of 03 with CO, 02, 602 and Ar
indicate that in the brésence of the column material and under the pPresent

operating conditions ozope decomposes to form O2 and, by reaction with co,

to form 0’02 where the quantity of 002 formed is Droportional to the quantity

L =

3. D, H. Byers amd B. g, Saltzmen, "Ozene Chemistry and Technology," Advances
in Chemistry Series No. 21, Americen Chemical Society, Washington, Dp.C. 5
1959; Do 930




of GO origipaily preser. in the 8&5 mixturs sample, From an anclysis or

the increases 1y, the concentrations of 02 and 002 eluted ani of the

decrears= in the concentration of eluted GO, the original ozone cOoncentration

of the gas mixture semple wag determined; the computed Oz0ne concentrations

ars

agreed with the concentrations determinea by Pre ssure ~volume measuremants

to within an error of 8% Por gns mixtures containing about 1.7 mole % ozone.

The stahiliiy of ozone and of gas mixtures centalning vzone during
residence in the 104 stainless steel mixing tank was determined by monitor-

ing the ozope concentration as a function of time, With pure ozone and

& mixture of ozome in ergon containing 2 mole % Ozone, the rates of
decomposition were 0.36 moje 4 03/hr over a period of 19 hrs apg 0.135
mole % 03/hr OVer 8 pericd of 100 hrs, respectively. The contribution of
reactions of impuritiesg with ozone or of the surface cstalyzed decomposition

of ozone to thesge retes 18 small since the rates expected on the basis of

the homogeneous €8s phase decomposition of <}:—.'.onel+ under the present
experimental conditions ape approximately 0.33 mole % 03/hr for pure ozope

and 0,10 mole 4 03/hr for a dilute ozone-ergon mixture. When the ozone wag
first added to the 104 mixing tank, a very rapid and extensive decomposition
of ozone oceurred in eplte of the bhorough-cleaning brocedure used to
DPrepare the gas handling systen; however, cn subsequent additions Qf ozone
to the mixing tanks, only the decomposition rates given above were recorded.
When mixtures centaining ozome end earbon monoo.lde ae well ag oxygen,
carbon dioxide and 8rgoL were prepares, in the 104 stainless steel alxing
tank, an initial, repiq decomposition of ozore cccurred which wes shown
to result from impurities in the carbon moncxide and no- to occur when

47 8. W, Denson and 4. E. fxvorthy, J. Chem. Phys. 26 1718 (1957); Ww. M.
Jonss and N. Davidson, J. Amer. Chem. Soc.; &b, 2568 (1962).
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only oxXygen or carbon dioxide in addition to argon was mixed with ozone.

]

Follcowing this initial dec'ins in ozons concentration, an average rate

of decomposition of about 0.24 mole % 03,/hr yas observed for several gas

mixtures with nominal compositions of 2.5% 03 +9.7% 02 + 1G.5% CO +

~ g

e ﬂm»mmammmmmmmmwm’w L

L.9% co, + £3.4% Ar; the expected rate of the homogeneous gas phase
decomposition of ozumah in these mixiures is approximately 0O.1lh mole
f % O%/hr. The possible contribution to this difference in the observed
and caleulated rates of ozone decomposition by additional, slowly
reacting impurities in the CO will Y.< assessed after installation of a
ligquid nitrogen enld trap in the CO supply line of the ges handling

system to permit purification of the CO by fractional veporization.

Preliminury Experiments on 0-C0 Reccimbination

Possible contributions, from transitions other than those involved

in the radlative rscombination of eiomlec o:ygen and carbon momoxide, to
the total radiation emitted at eguilibrium by & gas sample conteining
curbon,oxygen, ergon and impurlties present in the components of the

ges mixture were investigated by shock heating test gases contalning Ar

ol

2
3000°K and rressures in the range between 1.0 and 1.3 atm, shock heating

and mixtures of Ar with CO, 02 and 00.. At temperatures of erproximately

pure argon end mixtures of srgon with 10-20 mole % 0, or 15 mole % co,
resulted in no detectable radistion in the o8ix spectrel chennels (see
section 1). In contrast to the.> okservations, shock heating a mixture
of 20 mole % CO in argon to approximetely 3000°K and 1 atm resulted in a
measarable oscilloscope signal at the spectral interval centered at 30001
but in no detecteble signels st the other spectral intervals. The eource

of the radiation at about 30003. has not yet been identified.
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To ascertain the emlission intensity Bccompanying the radiotive re-

combination of 0 and €0, three Preliminary experimants ware conducted by

shock heating mixtures with the nomirel compositions of 104 0, +20% cC +

A e

5% CO, + 65% Ar in two cases and of 10¢ 0, +20% 00 + 70% Ar 1in the third

caege 0 temperstures ang pPressures at equilibrium of 302

9°K and 1.10 atm,

3044°K and 1,05 atm, and 3170%K and 1.11 atm, respectively. In a1l

substantial oscilloscope signals were recorded in esgh of

the six spectral channels,

experiments,

To reduce the Oscilloscope signals to values

of relative intensity,

each signal voltage was normalized with respect to

the intensity calibration factor for the spectral chanpei in which it was

recorded &nd the product of the concentrations of 0 and CO at equilibrium;

the relative intensity values were derived with the aid of a smooth curve

drawn through the normalized Ffeta when Plotted as a function of wavelength,

The relat.ve intensity spectral distribution is shown in Figure L where

the average value of the computed relat ive intensity at a given wavelength

for the three experiments is plotted. The flags indicate the rang: of the

Measured values,

It 1s evideat from Figure 4 that the relative intensity

decreases monotonically from s maximum velue at ebout 34004 to & near
level at about 7500&

2ero

when the mmooth curve ‘through the dats points is

extrapolated beyond the datunm at GSOOA. mrthamom, a8 shown in Flgure

L, & comparison of this relstive intensity spectral distribution curve with

Published date’ obteined at 1520-1800%k

and 0.16 to 100atm1naco+ﬂ?+
eir flame over the wavelength interva) 35004 to Goook demon, -

=28 that
the entire relative intensity spectral distribution curve is shifted to

gmaller wavelengthe at the higher temperstures of the present experiments,
—

5= We Bo Kaskan, Comb, & Flame 3, 32 (1959).
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i.e., sbout 3@0&05{. in contrast to the near zero level of relative intensity
expected at wavelengihs greater than sbout 75003, it was found in theso

three preliminary experiments thst in the spectral #mterval centered at

80003, & signal was obtained wanich corresponded to a relative intensity of

0.536 £+ 0.039. While +he source of this radiation has not yet been determined,
the radiation was not detected in experiments by shoek heating Ar or Ar and
02, or GO, or 002.

The reliability of the relative intensity data presented in Figure &4
is adversely affected by three factors, at least. The oscilloscope signals
were measured, somevhat arbitrard iy, &t approximately 160 ugec (]_aboratory
time) after passage of the shock front beyond the measuring station in a

region of the signal-time profile where the signal was sensitly constant.

i o It was thue essumed that the 8as sample had closely approached the equilibrium
5 E state at a distance behind the shock front corresponding tn the time guoted
- g 0 ebove, The constancy of the oscilloscope signel was the only indication
”_v-j cbtainable from the experimental results that an equilibrium state was
i—-:‘ attained. Two other factors which will affect *+he reliebility of the data

are chock weve sttenuation ang boundary layer growting both of these will
) become more impertemt as the distance &t which measurement 1s mede behing

the ehock fromt increases. The bulk of the experiwents to be performed in

measuriny the radiative iecombipation of 0 and €0, as ocutlined in the

introduction are designed to avold the adverse factors affecting the

N relisdbility of the preliminery experiments which have been described,
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SHOCK TUBE STUDY OF 002 FORMATION AT LOW DENSITY

Be F. Myvers, E. R. Bartle and P. R. Erickson

The study of the formation of COE at high temperatures and Jow
densities in shook heated gas mixtures containing &0 ang 02 was started
in the General Dynemics/Convasr 24" diameter shock tube facility.s

Preliminary test runs in Dure C02 indicuated that the shotk transit
time across the observed €88 sleb in the optical system of the 24"
diameter shoeck tube can be neglected by comparison with the induction

time Preceding the onset of measurable COE formation expected at low

Measurements of the formation cf 092 behind incident shock waves
traveling through mixtures with the nominsl composition of 10% O2 +
20% CO + T0% Ar vere mage at Pressures between 0.36 and 0.55 atm and at
temperatures between 11&'50o and 1920% in order to compare the operation
of the 24" diameter ghook tube facility witn twat of the 3" diameter shock
“ube facility under similar conditions of Pressure, temperature ang gas
mixture composition. The measured induction times Preceding the cnset
of rapid eleetronic ground state caé formagion were converted to anp
induction period paremeter !’ (ie€e, the induction time st ope atmosphere
pressure measured in particle time); in Figure 5, the induction period
paremeters, o, /atm usec, are Plotted versus the reciprocal absolute
temperature for the induction times measureq in both the 3" ang 24"
diamster shock tubes, It ix evidert that within the scatter of the experi-

meptal data, = induction period parameters derived from the 3" and 24"

6. E. R. Bartle and K, G. P. Bulzmann, Qepersi Dynemics/Conveir Report
Gm*m&5-°ll; Jum, l%so
T K. ¢. P, Suizmenn, B, F, Myers and B, R, Bartle, J. Chem. Phys. 4

8, B.F. Myers, K. g. p. Sulemann and E. B, Bartle, ibid, &1, 1220 (I§65).
13

2, 3960 (196=

=




dismeter shock tube exveriments are identicsal,
Further expsriments were then conducted in the 2L" diemeter shock

tube with test gas mixtures with the nominal composition of 10% 0, + 20% CO +

S—————

T0% Ar at lower prassures between 0.08 and C.10 atm =ng st temperatures

between 14507 and 2260°K. Agsin it is clear from Figu.e 5 that within

the scatter of the experimental date, the measured induction period

rarameters were identical to those previously obtained with both the 3"

ani 24" diameter shock tubes. Tt may be concluded from these experiments

that for mixtures with the composlition of 10% 0, + 20% CO + 70% Ar, the

induction time, Ty (measured in particle time), preceding the onset of

rapid 602 formation scales lin=arly with the total gas pressure for

temperatures between 1450° ang 2260°k and pressures beiween 0.08 ang

1.55 atm, a 20-7old range in pressure. Additional experiments have also

been conducted at pressures of 0.0l to 0.05 atm and temperatures between

1700° and 3300°K but the results have mot yet been analyzed.
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= , DATA OBTAINED IN A3 DIAMETER STAINLESS STEEL SHOCK TUBE
'd L'_" ® ploer TO .46 AT 9.98%Og+20.03%30+69$%m
= & P 050 TO 1,55 ATN 10.08% 02+ 2&00%00-#89.92%.4:“
= B 83 TO 1.36 ATN 9,5!%02“9.08%00-!%55%&” 4.76% He

DATA OBTAINED IN A 24" DIAMETER STAINLESS STEEL SHOCK TUBE

4 P|0.355 T 0.548 ATM] 19.00% 0, +20.02%C0+69.98% A,
© Flo.082010 0.0982 ATM] ¢ 10.13% 0,4 19.98%C0+69.89% aAr
10.02%0,+20.0!% CO+69.97% Ar
= 9.90% 0,+20.01% CO+70.09% Ar
, 10.06% 02+ 19.98% CO +69.95%, A,
10.02%0,+20.07% CO +69.91% Ar
- $.98%0,+20.04% CO + 69.98%Ar
10.00%0,+20.01% €O +68.98% ;
10.07%0,+20.10% €O +69.83%a
-~ 10.00%0,+20.39% cOo+62.61% Ar

Bl

i 1 |

=
035 0.40 0.50 LQ?‘A 0.60
FIGURE 5. PRESSURE NORMALIZED INDUCT!ON PERIOD, a; ,vs THE
DIMENSIONLESS PARAMTER, 1000°%K /T
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